Fx-5A peptide complex (Fx-5A), a High Density Lipoproteins (HDL) mimetic, has been shown to reduce atherosclerosis. The safety and toxicokinetics of Fx-5A administered IV by 30 min infusion at 8, 25 or 75 mg/kg body weight or vehicle, once every other day for 27 days, were assessed in cynomolgus monkeys. The Fx-5A was well tolerated at all doses. At the highest dose, there were statistically significant effects on hematology and clinical chemistry parameters that were considered non-adverse. Dose-dependent recoverable non-adverse erythrocytes morphological changes (acanthocytes, echinocytes, spherocytes, microcytes, and/or schistocytes) were observed. Fx-5A was not hemolytic in in-vitro fresh NHP or human blood assay. There were no Fx-5A-related statistically significant changes for any cardiovascular function, ECG or respiratory parameters, when compared to control. In addition, there were no Fx-5A-related effects on organ weights, macroscopic or microscopic endpoints. Finally, Fx-5A exhibited sporadic non-appreciable detection of anti-Fx-5A antibodies and a dosedependent linear toxicokinetics with T 1/2 value ranges from 2.7 to 6.2 h. In conclusion, the No Observed Adverse Effect Level was considered to be 75 mg/kg/day with associated exposures average C max and AUC 0-last of 453 μg/ mL and 2232 h μg/mL, respectively, on Day 27.
Introduction
Cholesterol associated with High Density Lipoprotiens (HDL) are inversely related to Coronary Heart Disease (CHD) and hence HDL has been a target for drug development. HDL has several potential antiatherogenic functions, but the best understood is its ability to promote the efflux of cellular cholesterol, and hence promote reverse cholesterol transport, the pathway by which excess cellular cholesterol is removed from peripheral cells and returned to the liver for exretion or conversion to bile salts (Remaley et al., 2008) .
There are several synthetic or reconstituted form of HDL that have been produced and shown to rapidly reduce atherosclerotic plaque in animal models and have been tested in early stage clinical trials (Remaley et al., 2008; Uehara et al., 2015) . HDL mimetic therapy can be separated into 2 general approaches, one that uses the full length human apolipoprotein A-I (ApoA-I), the main associated with HDL, or those that use apoA-I mimetic peptides to make reconstituted HDL. Besides wild type ApoA1, ApoA1-Milano, a natural mutation, and trimeric forms of ApoA1 have been developed. Clinical studies with reconstituted and purified ApoA1 (CSL-111) were discontinued based on safety concerns, but it has been reformulated (CSL-112) (Gille et al., 2014; Tardif et al., 2007) . CSL-112 was well tolerated and is now in phase III clinical trials (https://clinicaltrials.gov/ct2/show/ NCT03473223?term=CSL-112&rank=1). MDCO-216, a complex of dimeric recombinant ApoA-I Milano (apoA-IM) and palmitoyl-oleoylphosphatidylcholine (POPC), was administered to cynomolgus monkeys at 30, 100, and 300 mg/kg every other day for a total of 21 infusions (Kempen et al., 2013) . Free cholesterol (FC) and phospholipids (PL) were strongly increased, and HDL-cholesterol (HDL-C), ApoA-I, and ApoA-II were strongly decreased (Kempen et al., 2013) . In early clinical trials, ApoA1 Milano also showed promises; a single infusion of MDCOefflux and pre-beta 1 HDL in healthy volunteers and patients with stable coronary artery disease and was well tolerated (Kallend et al., 2016) . A later larger study, however, failed to show reduction in atherosclerotic plaque as determined by Intravascular Ultrasound (https:// clinicaltrials.gov/ct2/show/NCT02678923?term=apoA-I+milano& rank=1). ApoA-I, was also fused to the trimerization domain of tetranectin (TN) and complexed with phospholipids to generate an HDL mimetic (lipidated TN-ApoA-I) with reduced renal clearance and enhanced efficacy (Regenass-Lechner et al., 2016) . Cynomolgus monkeys received 24-h IV infusions of control, 100 mg/kg or 400 mg/kg lipidated TN-ApoA-I every 4 days for 3 weeks, followed by a 6-week recovery period. The multiple infusions of lipidated TN-ApoA-I resulted in high immunogenicity, lipid accumulation and were not well tolerated in nonhuman primates and hence not further developed (RegenassLechner et al., 2016) . CER-001, a recombinant human ApoA-I pre-beta HDL mimetic, is a complex between recombinant human ApoA-I and two phospholipids (dipalmitoyl phosphatidylcholine and sphingomyelin). CER-001 has been shown to be safe and well tolerated and is currently in a phase III clinical trial for patients with a genetic HDL deficiency ("TANGO″) (https://clinicaltrials.gov/ct2/show/ NCT02697136). CER-001 related publications have reported results in patients post-acute coronary syndrome (post-ACS, CHI-SQUARE study, CARAT study) (Andrews et al., 2017; Nicholls et al., 2018) , patients with familial hypercholesterolemia (FH, MODE study) (Hovingh et al., 2015) , patients with HDL deficiencies (SAMBA study) (Kootte et al., 2015) , and patients with advanced atherosclerosis (LOCATION Study) (Zheng et al., 2016) . Several small (< 40 residues) peptide mimetics of ApoA-I have also been previously developed and examined in animals and humans. ESP24218 produced by Esperion was the first apolipoprotein mimetic peptide to reach clinical development (Khan et al., 2003; Miles et al., 2004) . This peptide was combined with two naturally occurring phospholipids, sphingomyelin and 1,2-dipalmitoyl-sn-glycero-3-phosphocholine (DPPC0) and the resulting complex is referred to as ETC-642. A phase I clinical study of ETC-642 was performed in 2002 (Khan et al., 2003; Miles et al., 2004) . It was a single-dose intravenous infusion study of 28 patients with stable coronary artery disease and was designed to determine the safety and tolerability of 0.1, 0.3, 1, 3, and 10 mg/kg dose levels of ETC-642 (Khan et al., 2003) . After a 4-week observation period, ETC-642 was considered to be safe and well tolerated at all dose levels tested (Khan et al., 2003) . The development of ETC-642 was shortly terminated in 2006 when Esperion was acquired by Pfizer (http://www.medscape.com/viewarticle/581528). D-4F and L-4F (two enantiomer) are amphipathic peptide, which promote the remodeling of endogenous HDL, the formation of pre-beta HDL (Navab et al., 2004) and possess anti-inflammatory properties apparently by the sequestration of oxidized lipids (Anantharamaiah et al., 2007) . D-4F was advanced into phase I clinical trials in 2008 and found to be well tolerated (Bloedon et al., 2008) . A phase I clinical trial of either subcutaneous (SC) or IV administration of L-4F has been performed (Buga et al., 2010) . L-4F was well tolerated when administered IV for seven daily doses with the dose range of 3-100 mg and SC for 28 daily dose of 10 and 30 mg. However, there was no apparent improvement of the HDL inflammatory index, paraoxonase activity, or other lipid measures or inflammatory markers. Subsequent animal studies with both D-4F and L-4F indicate that the main site of action of these peptides may be in the gut in blocking the absorption and/or production of oxidized lipids (Remaley, 2013) , which could be a reason for the lack of an effect observed after IV administration in the phase I clinical trial.
The Fx-5A is produced by combining sphingomyelin with the 5A peptide, which is a bihelical ApoA-I mimetic peptide (Sethi et al., 2008; Tabet et al., 2010) . Synthetic lipid complexes made with 5A are very effective for specifically effluxing cholesterol by the ABCA1 transporter, thus enhancing the first step in the reverse cholesterol transport pathway. Fx-5A has been shown to reduce the progression of atherosclerosis in rabbits and mice (Amar et al., 2010) . Fx-5A also displays anti-inflammatory and antioxidant properties in-vivo and in-vitro (Tabet et al., 2010) . Therefore, Fx-5A was considered a strong candidate for further drug development. Indeed, to support a phase I study, the safety profile and pharmacokinetic of Fx-5A was assessed in this study in cynomolgus monkeys.
Methods and materials

Fx-5A and vehicle information
Fx-5A is a liquid solution containing peptide 5A (15 mg/mL) with egg sphingomyelin (ESM) (21.50 mg/mL)] in vehicle 20 mM sodium phosphate, pH 5.1. Molar Ratio of peptide 5A to ESM was 1:8. Purity of peptide 5A (by RP-HPLC) was 97.7% with a bacterial entotoxin < 0.025 EU/mg and Bioburden level < 10 CFU/g. Purity of sphingomyelin (COATSOME NM-10, NOF Corporation, Japan) was 99.9% with bacterial endotoxin level 0.0 EU/g and Bioburden level < 1 CFU/g.
Species & strain
Nonhuman Primate (NHP)/Cynomolgus, approximately 3-4 years old from Charles River. The NHPs were individually housed in an environmentally monitored, well-ventilated room maintained at a temperature of approximately 64-84°F and a relative humidity of approximately 30%-70%. Fluorescent lighting provided illumination approximately 12 h per day. The NHPs were offered commercial 2050C Teklad Certified Global Primate Diet twice daily, with approximately half the recommended daily ration available at each feeding interval. In addition, the diet was supplemented with fresh fruit and/or treats offered daily. The quantity of the daily ration was sufficient to meet nutritional requirements. Water was supplied ad libitum, during the prestudy and study periods. The NHPs were acclimated/quarantined for a minimum of 32 days. Prior to study start, the animals were observed for general health and acceptability for use in this study. The following minimum pre-study testing was completed: TB testing, hematology and serology screening, and fecal culture and flotation test. Only animals deemed healthy were included in this study.
2.3.
Fx-5A 28-Day IV toxicity study followed by a 14-day recovery period
Randomization and group assignment
To obtain groups comparable by body weight, all animals were assigned to their group using a computer-generated randomization procedure. The body weights required for randomization were determined during Week-1. After randomization, animals were assigned to their respective groups as indicated in Table 1: Animals were trained/acclimated to the restraint chair prior to the day of dosing and/or blood collection. NHPs were administered ketamine (10-50 mg/kg) intramuscularly in preparation for ECG and blood Table 1 by IV infusion (30 min) once every other day for 14 consecutive doses at a dose volume based on the weight of the animal. Animals were fasted overnight prior to collection of blood samples for clinical pathology evaluation and prior to day of necropsy.
All animals were observed at least twice daily during the pre-study and study periods for signs of mortality and moribundity. All animals were observed once daily for clinical signs of toxicity without removing the animal from the cage. Each animal was removed from its cage and examined for clinical signs of toxicity daily (approximately 30 min after completion of dosing on dosing days), or more often as clinical signs warranted. Baseline body temperatures were taken once on Day −2 to −3. Body temperatures were measured and recorded on Days 1 and 27, approximately 2 h after dosing. Body weights were obtained during Week-1 (randomization), prior to dosing on Day 1, and continued weekly throughout the duration of the study. Body weights were obtained prior to that day's treatment, blood collection, and/or euthanasia. Food consumption was qualitatively measured daily, beginning on Day 1. The NHPs were sedated and had ophthalmoscopic examinations performed prior to initiation of treatment (Week −1) and prior to necropsy.
Plasma 5A peptide levels and toxicokinetics
Plasma levels of 5A peptide in NHP was determined by using reverse-phase liquid chromatography with tandem mass spectrometry detection (LC-MS/MS) and Labeled 5A peptide as the internal standard (ThermoFisher, Waltham, MA). Blood samples were collected from the NHP using tubes containing lithium heparin as the anticoagulant. Blood samples were drawn at eight time points prior to dosing (0 h) and at the following time points: immediately post dose completion, and approximately 0.5, 1, 2, 4, 8, and 24 h post dose completion) on Days 1-2 and 27-28. Upon collection, each blood sample was mixed by gentle inversion, placed on ice, and subsequently centrifuged to separate plasma. Plasma 5A peptide level data was subjected to pharmacokinetic analysis using WinNonlin ® (Version 6.3; Pharsight, A Certara Company;
Cary, NC). Parameters calculated included at a minimum C max , T max , AUC, and half-life.
Anti-drug antibody (ADA) analysis
A peptide, Acetate Salt (Bachem, Torrance, CA), was diluted to 0.5 μg/ml in PBS and coated on 96-well flat-bottom plates (Costar EIA/ RIA plates, high binding, Corning, NY). Rabbit anti-5A positive control antibody used was from Capralogics, Hardwick, MA. Blood samples (EDTA tubes) were collected during Day −2, and on Days 29, and 42. The appearance of ADA were correlated with any pharmacological and/ or toxicological changes. The ADA assay was used to detect antibodies generated against Fx-5A in the serum.
Macroscopic and microscopic pathology 2.3.4.1. Macroscopic observations.
Included, an examination of the external surfaces of the body, all orifices of the body, and the cranial, thoracic, abdominal, and pelvic cavities and their contents. Eyes were fixed in Davidson's Solution, testes and epididymides were fixed in modified Davidson's solution, and all other tissue/organ samples were preserved in 10% neutral buffered formalin for histopathological evaluation. The following tissues, as well as all gross lesions, were collected: Adrenal gland; Aorta; Bone (femur, stifle joint with articular surface); Bone marrow (sternum); Bone marrow (rib, costochondrial junction); Bone marrow (smear-sternum); Brain; Bronchus (mainstem); Epididymidis; Esophagus; Eye; Gallbladder; Heart; Intestine (large, cecum); Intestine (large, colon); Intestine (large, rectum); Intestine (small, duodenum); Intestine (small, jejunum); Intestine (small, ileum); Kidney; Larynx; Liver; Lungs with bronchi; Lymph node (bronchial); Lymph node (mandibular); Lymph node (mesenteric); Mammary gland; Nerve (optic); Ovary with oviducts; Pancreas; Pituitary gland; Prostate; Salivary gland (mandibular); Salivary gland, parotid; Salivary gland (sublingual); Nerve (sciatic); Skeletal muscle; Skin (abdominal); Spinal cord (cervical); Spinal cord (lumbar); Spinal cord (thoracic); Spleen; Stomach; Testis; Thymus; Thyroid gland/Parathyroid gland; Tongue; Tonsil; Trachea; Ureter; Urinary bladder; Uterus (Vagina).
Samples of each tissue listed above were taken for histological evaluation.
Organ weights.
The organs (Adrenal gland; Brain; Heart; Kidney; Liver; Lungs with bronchi; Ovary with oviducts; Pituitary gland; Prostate; Spleen; Testis; Thymus; Thyroid/parathyroid gland) from each main study animal euthanized at scheduled necropsy and/or euthanized as moribund, were weighed before samples are collected for microscopic examination. All organs, except the adrenal, pituitary, and thyroid with parathyroid, were weighed prior to fixation. Paired organs were weighed together and their combined weight was used for the calculation of organ-to-body and organ-to-brain weight ratios.
Histology.
All tissues from control and high dose group animals (Day 29), as well as any gross lesions were processed to slides. Only target tissues and any gross lesions from the control and high dose groups (Day 42) and low and mid groups were processed to slides. The fixed tissues were trimmed, processed, and microtomed (approximately 5-μm sections). Tissue sections were mounted on glass slides, stained with hematoxylin and eosin, and a coverslip was applied. Special stains may be used at the discretion of the pathologist when necessary to establish a diagnosis. Use of any special stain was documented.
Microscopic observations.
All slides were submitted to a veterinary pathologist for evaluation. Records of gross findings for a specimen from postmortem observations were available to the pathologist when examining that specimen histopathologically. All lesions were categorized either as test article related or non-test article related. Each lesion was listed and coded for the most specific topographic and morphologic diagnoses, severity, and distribution. A four-step grading system was used to rank the severity of microscopic lesions for comparison among groups.
Fx-5A single dose IV infusion cardiovascular and pulmonary safety pharmacology study IN NHP
On a given dosing day, each animal was administered either the vehicle control or Fx-5A via intravenous infusion at the dose levels indicated in Table 2 .
Each animal selected for dosing was dosed a total of four times with at least seven days of washout between dosing. The dose assignments were determined using the Latin-Square crossover design. All animals received all three doses and control in a manner that maximized the number of dosing combinations as specified below. 
Telemetry data collection
The Dataquest A.R.T. telemetry software collected systemic arterial blood pressures (systolic, diastolic and mean), heart rate, core body temperature, and ECG data continuously (except when the animals were out-of-range of the receivers for study-driven activities), at least 24 h before the first dosing event through at least 48 h following the last dosing event.
Respiratory data collection
Following this initial calm-down period, baseline data were collected for at least 30 min.
Respiratory data collection continued for approximately 3 h ( ± 30 min) following dosing.
Clinical Observations: Prior to Day 1, cage side observations were performed at least once daily. During dosing, cage side observations were performed at least twice daily. On days of dosing, cage side observations were performed prior to dosing and at least once following respiratory data collection once animals were returned to their home cage. Body weights were recorded prior to animal selection and on each day of dose administration (Days 1, 8, 15, and 22) , prior to dosing. Blood was collected for hematology, serum chemistry, and coagulation prior to dosing on Days 1, 8, 15, and 22.
In-vitro testing of hemolytic potential of Fx-5A in blood
The Fx-5A particle contains the lipid sphingomyelin. Excess lipid in blood have the potential to interfere with the hemoglobin measurement that is the key to the hemolytic potential assay by falsely increasing the measured hemoglobin concentration (Stockham and Scott, 2008) . Because of the possibility that sphingomyelin may interfere with the hemoglobin assay, the hemolytic potential assessment described in this protocol was done with a positive control that allowed assessment of interference in the assay that used rat blood.
In-vitro hemolytic potential was assessed using heparinized rat, NHP, and human blood. Only fresh NHP and human blood was tested in the assay and both fresh and commercially purchased rat blood were collected from fasted animals. The assays with fresh rat and NHP blood and with the commercially purchased fresh human blood used samples from three different individuals per species; the assay with commercially purchased rat blood used a single blood sample from one animal, as described below.
The assay with NHP blood used freshly-drawn samples that were collected from animals in the in-house NHP colony and were used within 3 h after collection. The assay with human blood used commercially purchased samples that were drawn on the same morning that the assay was conducted and were used with 3 h after collection. The instrument used during the conduct of this study was the HemoCue Plasma/Low Hb Photometer. The instrument's primary function was the measurement of hemoglobin concentration.
Statistical analysis
Descriptive statistics (group means and standard deviations) were calculated, as appropriate. Comparative statistical analyses of the body weight, clinical pathology, and organ weight data were performed for differences between groups was performed using Provantis. Data were evaluated for normality using the Shapiro-Wilk test and homogeneity of variance using the Levene test. Based on the results of these tests, a parametric or a non-parametric one-way ANOVA was performed followed by a post hoc pairwise test (e.g., Dunnett's, Wilcoxon's) as appropriate. The level of significance is p < 0.05 (p < 0.01 for normality and variance tests). Student t-test's were performed using Graphpad Prism version 5.04 via a two tailed, unpaired t-test at an alpha level of p ≤ 0.05. For the hemoglobin data values obtained from animals using fresh blood, a Student's t-test was used to evaluate differences between Fx-5A and negative control at an alpha level of p ≤ 0.05. For the hemoglobin data values obtained from commercially purchased blood from a single animal, a Student's t-test was used to look for differences between the Fx-5A and negative control at an alpha level of p ≤ 0.05.
Results
Fx-5A. 28-Day IV toxicity study in NHP followed by a 14-day recovery period
All animals survived to scheduled study termination. Few clinical observations were noted in the control groups and were not considered Fx-5A-related, even when noted in the treated animals: distended abdomen, scab on hind limb, sore/ulcer at the dose administration site, mass, discoloration, swelling, and tremor. The tremor was thought to be due to the administration of Fx-5A and the vehicle control at room temperature, which could have lowered the body temperature and caused a normal shivering response. Clinical observations noted in the Fx-5A -treated animals but not seen in the control animals included loose stool, diarrhea, blood in feces (which was considered potentially due to prolapse), alopecia, wounds, and abnormal breathing were considered incidental and not Fx-5A -related due to lack of dose response and single or sporadic occurrences. Body temperatures in the study were in the normal range, with the exception of two animals at the 25 mg/kg/dose group, with temperatures on Day 27 as 103.8°C and 103.0°C. These two body temperatures were not considered to be Fx-5A-related since increased temperatures were not observed in the high dose group (75 mg/kg/dose), there were no other abnormally high temperature readings on the study, and the temperature range of 103°C are not uncommon where the capture of the animal is stressful. There were no Fx-5A -related effects on body weight, food consumption or on ophthalmology.
Clinical pathology
Several clinical chemistry lab changes were observed at the 75 mg/ kg/dose level. On Day 2, male NHPs, showed a decrease in total protein (TP) (−6.17%) and Alb (albumin) (−15.0%) and an increase in Chol (Cholesterol) (117%), and Trig (triglycerides) (33.08%). On Day 15, a decrease in ALB (−14.22%) and increase in Chol (43.51%) was evident and on Day 29, a decrease in ALB (−12.27%) and an increase in Chol (55.09%) was noted. For female NHPs, there was an increase in the markers associated with liver functions on Day 2 including AST, ALT, ALP, and GGT (Table 3) , as well as an increase in Chol (81.53%) ( Table 4) . Table 4 summarizes the Chol and serum enzyme changes in all groups, males and females from Day 2 to day 42. The increase in cholesterol changes was expected based on previous findings showing that it mobilizes tissue cholesterol and increases cholesterol on HDL (Amar et al., 2010; Sethi et al., 2008) . At relatively high doses, the Fx-5A has also been shown to increase total plasma triglycerides (Amar et al., 2015) .
On Day 15, increases in ALT and GGT were observed (Table 5) , as well as on Day 29, for ALT (226.6 U/L). There was no dose response increase in ALT levels so it is possible that the increase in ALT was in part a result of animal handling. It is worthy of note that the levels of AST, ALT, ALP, and GGT observed on Day 2 did not progress during subsequent dose administrations. There were no clear test article-related changes in BILA levels in the monkeys.
Fx-5A had no apparent effects on coagulation and urinalysis parameters. Fx-5A-related effects were observed for some of the hematology parameters tested as described below, with the most changes apparent in animals tested at the 75 mg/kg/dose level. Unless otherwise noted, the changes in parameters listed in this section were statistically different compared to the vehicle treated animals. For male NHPs, animals on Day 2 had an increase in MCV levels (6.72%) at the 8 mg/kg/dose level, whereas, on Day 15, there was a decrease in RBC (-6.34%) at the 25 mg/kg/dose level, declines in HGB (−11.34%) and MCHC (-4.95%) at the 75 mg/kg/dose level and increases in PLT (48.4%) ( Table 6 ). On Day 29, there were increases in PLT (75.5%) and LUC (137.5%) at the 75 mg/kg/dose level. Male NHPs also showed an increase in WBC (90.816%) on Day 42 compared to controls. In female NHPs, there were no statistically significant changes in hematologic parameters on Day 2. On Day 15, decreases in HGB (−14.80%), MCH (−11.47%), and MCHC (−6.78%) and increases in PLT (70.0%) were observed at the 75 mg/ kg/dose level (Table 7) . On Day 29, females also demonstrated decreases in HGB (−14.78%), MCH (−12.69%), and MCHC (−7.54%) and increases in PLT (53.5%) ( Table 8 ) and Retic (Abs) (140.0%) at the 75 mg/kg/dose level. There is no definitive cause for the increase of PLT seen in the study.
Examination of hematology slides demonstrated the dose-dependent formation of abnormal erythrocyte morphologies, including acanthocytes, echinocytes, spherocytes, microcytes, and/or schistocytes at all dose levels of Fx-5A. The prevalence of these changes was higher in males. There was an increase in frequency of these effects from Day 2 to Day 29, with evidence of improvement on Day 42 for all effects except the occurrence of microcytes (data not shown). In all groups, including the vehicle control group, there was evidence of regeneration based upon increases in absolute reticulocyte counts, as well as an increase in the incidence of polychromasia, and possibly in the degree of anisocytosis for the erythrocytes. This may be a combination of an Fx-5A related effect and from multiple bleeds during the study. However, in females, the combination of the increase in reticulocytes and the higher incidence of polychromasia in the 75 mg/kg/dose level compared to the vehicle control animals suggests an Fx-5A-related regenerative effect. Overall, there were no noted adverse effects of abnormal red blood cell morphologies on the health of the animals. It should be noted that the abnormal red blood cell morphologies are qualitatively scored and compared by frequency of observed cell morphologies and, thus, they are not subject to statistical analysis. Table 9 presented the toxicokinetic parameters derived from plasma concentrations of the 5A peptide. Plasma concentration versus time curves for Days 1 and Day 27 are presented in Fig. 1 and Fig. 2 , respectively. No sex-related differences in toxicokinetic parameters and, thus, the level of exposure, were observed following administration of the initial IV dose of 8, 25, or 75 mg/kg/dose on Day 1. With few exceptions, the maximum concentration (Cmax) of 5A peptide in plasma was observed at the end of the infusion (0 h). Cmax and AUC (AUClast and AUCINF) values for 5A peptide increased in proportion to the increase in dose levels (see Table 9 ).
Plasma drug level and toxicokinetics
Elimination half-life of 5A peptide was similar between sexes and across dose groups; group mean values ranged from 3.7 to 4.2 h. In addition, both the total body clearance and volume of distribution at steady state of 5A peptide appeared to be similar between sexes and across dose levels. Mean clearance values observed for male and female animals ranged from 7 mL/kg/hr to 19 mL/kg/hr. The mean volume of distribution of 5A peptide at steady state was between 44 mL/kg and 65 mL/kg for male and female animals. The plasma concentration versus time profile for this animal suggested that the animal may not have received its complete dose intravascularly. No changes were noted in the toxicokinetic parameters observed in male and female animals after dosing every other day for 14 doses. Linear kinetics were demonstrated in both sexes and across all groups.
Macroscopic and microscopic observations
No test article related macroscopic or microscopic lesions were observed on Day 29 or Day 42. On day 29, a statistically significant increases in the pituitary-to-brain and pituitary-to-body weight ratios were observed in male NHP in the 75 mg/kg/dose Fx-5A group when compared to the vehicle control group. Because no direct macroscopic or microscopic correlation to the increases in relative pituitary weights were observed, the changes in relative pituitary weights were thus not thought to be related to the administration of Fx-5A.
ANTI-DRUG antibody analysis
Anti-Fx-5A peptide antibodies were sporadic but non-appreciable after dosing of the NHPs. Five of the samples from pre-dose had titers of 100 and one had a titer of 200 with none of these seven samples showing increased titers at later time points. There was one sample M. Bourdi et al. Regulatory Toxicology and Pharmacology 100 (2018) 59-67 from the vehicle only treated group that had a titer of 100 on day −2. At Day 29, only one sample had a titer of 100 with the rest of the samples having titers of less than 100. At Day 42, eleven of sixteen total samples tested had titers of less than 100, one sample had a titer of 100 and four of the samples had titers of 200.
Fx-5A single dose IV INFUSION cardiovascular and pulmonary safety pharmacology study in NHPs
There were no test article-related changes for any cardiovascular function, body temperature or ECG parameters for the 8 mg/kg dose group during the study (In-Box and In-Cage) as compared to control.
There were no statistically significant changes in systemic blood pressure (systolic, diastolic and mean arterial pressure) or heart rate data noted for this study in the isolation box at the 8, 25 and 75 mg/kg dose levels. Statistically-significant decrease in body temperature ranged from 0.3 to 0.5°C during this time period as compared to control. These changes in body temperature were not considered to be physiologically or toxicologically significant and the animal's body temperature went back to levels similar to control animals when they were returned to their home cages.
There were no changes in ECG interval data for QRS or QTcB interval data for the 8, 25 and 75 mg/kg dose levels for this study in the isolation boxes. There were increases in RR, PR and QT interval data M. Bourdi et al. Regulatory Toxicology and Pharmacology 100 (2018) 59-67 noted. These interval data changes were not considered to be physiologically or toxicologically significant and when the QT interval data were corrected by heart rate (using the Bazett's formula) all statistical significance disappeared. There were no changes in systemic blood pressure (systolic, diastolic and mean arterial pressure), heart rate, or body temperature data at the 8, 25 and 75 mg/kg dose levels while the animals were in their home cages, that was considered physiologically or toxicologically significant. There were no changes in respiratory parameters (respiration rate, tidal volume or minute volume) noted on this study.
In-vitro testing of hemolytic potential of Fx-5A in rat, NHP, and human blood
The hemoglobin readings from the vehicle samples were lower than the readings of the negative control samples from the same animals(s) when using both the commercial and fresh blood, indicating that the vehicle did not have a hemolytic effect. The hemoglobin levels in the positive control samples demonstrated that the 1% saponin produced significant lysis and that the assay was working as expected.
Hemoglobin levels detected in samples of commercially purchased blood were statistically different (p < 0.0001) between the negative controls versus the Fx-5A test samples. The hemoglobin levels in the dilution control were not statistically different than those in the sphingomyelin control (p = 0.8911), indicating that the presence of Fx-5A did not interfere with the measurement of the hemoglobin content. Taken together, the results indicate the Fx-5A was hemolytic when using commercially purchased blood.
Hemoglobin levels detected in samples using fresh rat, NHP, and human blood were not statistically different between the negative control versus the Fx-5A test samples (p = 0.069). These data indicate that the Fx-5A was not hemolytic when using freshly drawn blood from any of the three species tested. The difference between the results of commercial rat blood (drawn the day prior and shipped refrigerated overnight) versus freshly drawn rat blood indicates the possibility that the time period and handling of commercial blood may have compromised the integrity of red blood cells. This is supported by the fact that the mean hemoglobin value in the negative control samples of commercially purchased blood (266.7 mg/dL) was higher than the mean hemoglobin level in the freshly drawn blood (63.33 mg/dL) where a post-hoc t-test demonstrated statistical significance (p < 0.0001).
Discussion
Several reconstituted HDL formulations have been shown to convincingly reduce atherosclerosis in animal models but none have yet been definitively shown to have benefit in humans (Remaley et al., 2008; Sviridov and Remaley, 2015) . Very few full length protein and/or smaller ApoA-I peptide mimetics were tested side-by-side and the variability in doses, route of administration, animal models, patient populations and other conditions make comparisons of the various mimetics difficult. Thus, there is need to do considerable more development work in this area to produce a form of reconstituted HDL that is suitable for reducing atherosclosis in humans.
The use of ApoA-I mimetic peptides over full-length protein offers several potential advantages (Sviridov and Remaley, 2015) . First and most importantly because of the relatively large dose used in some of the clinical trials (45 mg/kg) the cost of such therapy is quite expensive in terms of either purifying the ApoA-I protein from plasma or producing it recombinantly. The other is the ease to modify ApoA-I mimetic peptides to enhance their properties, which was done in the case of the Fx-5A for increasing its specificity for effluxing cholesterol by the ABCA1 transporter and reducing its cytotoxicity (Sethi et al., 2008) . Combining 5A peptide with a variety of phospholipids has been shown to attenuate the development of atherosclerotic plaque in preclinical models of atherosclerosis, including APOE deficient mice (Amar et al., 2010) . It also impairs macrophage recruitment and foam cell formation in the rabbit collar injury model (Tabet et al., 2010) . Furthermore, Fx-5A catalyzes reverse cholesterol transport in vivo and is effective in reducing the progression of atherosclerosis in rabbits and mice with no signs of toxicity (Amar et al., 2010) ; therefore, we considered Fx-5A a strong candidate for further drug development.
In this study, Fx-5A was well tolerated by NHPs at all doses with no effects on survival, body weight, food consumption, ophthalmology, ECG, pulmonary function, blood pressure, urinalysis, and blood coagulation parameters. There were no Fx-5A related macroscopic and microscopic lesions and no impact on organ weights. Fx-5A was also not hemolytic under the conditions tested in the assay when fresh blood samples were used and there was only occasional detection of ADA response.
There were Fx-5A-related hematological effects especially at the 75 mg/kg/dose level, with statistically significant effects including a decrease in HGB for both sexes on Day 15 and for females on Day 29 and a dose-dependent occurrence of changes in red blood cell morphologies. HGB levels for males and females on Day 15 were on the low end of published historical control data (Andrade et al., 2004; Hall, 2007; Magden, 2015) but were not out of the normal range and would not be considered anemic. For females on Day 29, three of the five HGB values were below 10 g/dL with an average of 9.81 g/dL for the five animals, which are outside the range of published data (Andrade et al., 2004; Hall, 2007; Magden, 2015) and would be considered anemic. Most of the impacted parameters recovered after the 14 day recovery period, with the exception that microcytes, which were still evident at the Day 42 clinical pathology interval. Overall, there were no noted major adverse effects on HGB and other RBC measures blood cell morphologies on the health of the animals.
Changes in clinical chemistry parameters at the 75 mg/kg/dose level, including markers of liver function, were transient and in case of plasma cholesterol changes were expected based on the mechanism of action of the Fx-5A. The pharmacokinetic data obtained after dose administration on Day 1 and Day 27 suggested that 5A peptide exhibited dose dependent linear kinetics in both sexes and across all groups, and that repeated dosing with the complex did not impact the toxicokinetic.
Because there were no adverse toxicological effects, and the hematologic effects were not evident after a 2-week recovery period, the No Observed Adverse Effect Level (NOAEL) under the conditions of this study was considered to be 75 mg/kg/day, with associated exposures, average male and female C max and AUC 0-last of 453 μg/mL and 2232 h μg/mL, respectively, on day 27 after every other day dosing. In summary, Fx-5A like other reconstituted HDL formulations appeared to be relatively safe and well tolerated in a NHP toxicology study and support the future development of this agent.
Conclusion
Fx-5A, an HDL mimetic, was well tolerated by NHPs and the NOAEL was considered to be 75 mg/kg/day (the highest dose tested) with average C max and AUC 0-last of 453 μg/mL and 2232 h μg/mL, respectively, when administred as 30 min infusion once everyother day for 27 days. 
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